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tSAEi p3)0Bi,aj pire paiosua aq, ui jnMo pinoM yftre ji ssSueqD jbuai 
.SS O) sniBA jnssaid sii uiog psSireqo /CnrnpEig si souspram ,o 3[8m aq, ^j (a) 

UQnc«Bai JO „s™ KB ,«,., ■-{ei°^lLr=2^rA^"^mp iruo^P^^B^ 
SAFAiiE SI iqaq luspiDui 3ip JO saioi 'Bipam qai, uaaMiaq ^pnnoq t jy (p) 

uopoEijaj JO aiSuB aq, ,aqB, ■^« ,,3,, pa,,^,^, 5^™™.^^'?"^!;,'',!^ (0) 

«oqs -aaiSap jsareau aq, 01 uoRoBijai jo aiSire Suipuodsaiioa aqj ^tim^o (^ 
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■J3MSUB mo/i Ul 3/5uU 1V0I1IJ3 pUB 'JDUIJOU 'UOllDDJpJ /O a/5ui? 'U0lt39JpJ 

/o a/SuD 'aomppui fo ajSuv suuai aqj asn 'oypads ag -ureiSBip aqi ui 
spABJi Xbj jq3ii aq) lEq) qjBd aq) ssnasip 'sais^qd jo aSpaiMou^ jno^ Suisq 'z 

si! JO q^'Hd 3qi 'noX piBAvo) 3uimoa si auiSua anj Suiaoui Xipidei b uaq^ (p) 



•XiJDupsip SB uaas 
Id aq) 'aiBid ssbjS JBap b qiiM pajaAoa si ajniaid e ja)jv (b) 

-saidpuud iBDisXqd Suisn 'SuiMonoj aqi jo qaBa uiBidxg ■ i 
suiaiqojd 33!PBJd 



■ap (t) p|no« g jb patoajap sbabm aqi jo t 
piBuoi paiBjapaaB aja*v iff jai|Bads poB 
aims aq) (£) ja)Baj3 ft) ssa] (i) Sj y JB 



ano;f asua Ill-iOI 



osaq,q,!AiasBqd,o,no 



zuaq099JO^™3nf»JJB 

sj3)iBads 0*1) aqi uaa*i)9q aauBjsip 
aq) (t>) pnnos paoiuia aq) jo q)3iia|aAB« aq) j|Bq-auo (£) punos pa) 
-Iiuia aqj JO q)3ua|aAB« aq) aam) ft) pnnos pa))niia aq) jp i|)3na|aAB« 

q. a u„„!S«I ,B «p„„, «, 0, p„„„, ,„ p^^ „„„,^„,,j ,,,^ .^^j 
■punos dn S5|aid uibBb )i 
ajaq* >j oojiisod O) paAoui naqi 



B u, as^auia o, .noqB (ia.am ,_o, . ,:^ , ,, ,,3,, j p Xbi b s,o,da;Ta^3°^ X'A '^^/X '"^-^ "'^St. ''b™ ™S 

~ r~ msiqojd aidures 1^ ./^ "" *"!"!»? '"« "IJ o» |a||BJBd 

/^ »"!! B 3no|B paAom SI naqi poB 

°\ y 'a '""nradsqioquiojjjirejsipmba 

a\ y '! I'm* 'V uoBisod )e paanid 
rR.^ r^ SI anoqdojanu y --Caiianbaj, 
--{'I ( \ «! P"f« POB 'amniOA „, pnba 
......,...,„u„a.B«aq,ji.,„ . \-4 H -qd n, ,.B ,Bq, sa„o, ,.u„ 

8iiiaj(£)asBa«u,fe)asBajDap(i)m„„aajasaq)uosaui,,nguqain s» I»8ubjjb a« saa,pads omx 
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ght is incident on the surface of a blocit of flint glass at an angle of 
^s. Part of the light is reflected and part is refracted. Find the angle 
he reflected and refracted rays. 






V. Find the speed of light in 




icidence should be drawn fust. The angle of inc 
onnal. See Figure B at the top of the next pag( 
b) Snell's law is given by: 



(d) At the interface between the two media, there is a partial reflection of the 
original ray. According to the law of reflection, the angle of incidence must 
equal the angle of reflection. Thus, the angle of reflection is 30. degrees, and is 
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aip oi „5f JO »l8t» ™ w) uoposijai piuaiin pjoj saousuadxa ingji 

aqi *ssBl3 UM013 JOJ a[3uB I93iti£> aqi spae-»^'^ sousptoui jo sjSire snp 

'™S '(oSt' = oS^ - o'06!> oSf P souappin JO aiSire no ^ii'Xpiianbasuoo 

pm SMjjaim ot-soti8 tou sip ifliM „5f Jo siSra m ssipui Xw sqx 

-p313?^9j jou ST Xbj am inq 'ssbi3 aip sjaiua ji sb UAiop s*op iq3ii aqx 

•.06 SI ssEiS «(i JO aoBjms am pm Xbi luapraur am uaaMiaq oJSm iip 'si 

1»MI— »0 J° aouapram jo ai«iB ub re ssbiS ihvob aqi saifuis Xbj iijSn ^MX 

loajja iaiddoQ sip panm si loaga siqj, noiid 

F 'lUEisuoa SI pimos jo paads aip aouis (paonpoid isnrjuofl sum. 
am ..qoreo.. o) guiXn si aragua ajij aqj) pasBaioap si noit i(3Bai rem 
^^ ^jj^ saqoBoiddB auigua am 



„8in3ins„ am Suionpojd 'sa: 



J 'JIB am 01 jood am ui rare* wp uioij sassBd ii : 
vfin am 'snil •XJBplmoq am Ol (BUUOU am mog Xb/ 
anbnqo ub re XiBpunoq jib-jsibav b siaaui rem -^^JBai 






■.Z ldli3sqns am Xq paiouap si Jly I idiBsqns a 
Xq M0[aq paiouap si t{3ii{M 'aiionT ui sareuiSuo Xbj oq] ' 
JOJ rem aiofj -JIB UI uopoBijajjo aiSra am OTtnaiBO oi i 
Miq s.nsus -.OE JO aauapiora jo ai3uE ub sBq Xbj am "a 



am saas jaMaiA am linsai b sy sseiS am Jo aouasaid am Xq pasBajaap 

ajojaiam si ainioid am uioij Sunuoo iqSn Jo lunounr aqi ii Xq paqiosqB 

SI UBd puB ssBiS am Xq paioaijw si amjoid am uioij Suraioo iqSi] am 

JO iJBj -umipaui puooas am qSnoim paaiuisUBii si umipaui isnj am ui 

li^n am JO IIB lou -Bipaui o«l uaaMiaq XjBpunoq b siaaui iqSii uaq^ (e) 

guiAios maiqoja isisn sbHt. 



The angles, as measured by a protractor, are 8^ = 45° and 9^ = : 



1. Compared to the size of the object, the size of the image is (1) sn 



minus tlie sum of the angle of reflecticn and angle of refraction: 
180° - (angle ol 'etlection + angle of refraction) 
180° - (40.° + 24°) = 180° - 64° = 116° 




In applying Snell's Law, the subscript A 

iineA = nx5in9x 



Thus, the speed of light in 



3. Asast 

4. The in 



in Ihml of a ptane miiror. The 



or is always (1) Inverted an 



an angle to the mfaror oT (1) 0° (2) 30° (3) 45* (4) 90° 
S. Compared to the focal length of a spherical mirror, the radins of cur- 

Tatnre of a spherical mirror is (1) one-half as long (2) twke as long 

(3) the same length (4) fonr tfanes as long 
7. Incident rays paraBd to the principal aids of a spherical concave mta-- 



8. L%ht rays dlnctcd toward the center of corvature of a spherical mb-- 
ror strike the ndrror at an angle to the normal of (1) 0° (2) 30° (3)<0° 
(4)90° 

9. The measore of the angle between an taicident light ray dbrected toward 
the colter of curvatore of a spherical ndrror and its reflected ray is 
(1) 0° (2) 4S° (3) 90° (4) 180° 



irs to Questions 12 through IS on the btformation 
ire C of a concave mirror 



13. If the object is located beyond C, the unage is located (1) beyond C 
(2) between C and F (3) at F (4) between F and the mirror 

14. If the object is moved inside of F, the resulting image is (1) virtual and 
larger than the object (2) virtual and smaUer than the object (3) real 
and larger than the object (4) real and smaUer than the object 

15. Which of the foUowing wiU always cause parallel light rays to diverge? 
(1) concave mirror (2) convex mirror (3) plane mirror (4) convex lens 

16. Which of the following is true of the focal length and unage distance for 
a convex mirror? (1) Both are negative. (2) Both are positive. (3) Focal 
length is negative and image distance is positive. (4) Focal length is 
positive and image distance is negative. 

17. An image formed by a convex mirror is always (1) real and larger than 
the object (2) real and smaller than the object (3) vuiual and larger 
than the object (4) virtual and smaller than the object 

18. Not all of the parallel light rays incident on a concave mirror converge 
at the principal focus. This phenomenon is called (1) spherical aberra- 
tion (2) chromatic aberration (3) diffraction (4) refraction 

19. Which of the following produce only vtalual images? (1) convex lens 
and convex nurror (2) convex lens and concave mirror (3) concave lens 



20-26. Base your answers to Questions 21 through 2S on the information 

An object 0.10 meter taU is placed 0.60 meter in front of a concave 
ndrror having a focal length of 0.40 meter. 

20. The radius of curvature of the mhror U (1) 0.20 m (2) 0.40 m 
(3) 0.80 m (4) 1.2 m 

21. The unage distance is (1) 1.0 m (2) 1.2 m (3) 0.83 m (4) 0.24 m 

22. The size of the image is (1) 0.10 m (2) 0.14 m (3) 0.20 m (4) O.SO m 

23. The unage produced is (1) real and inverted (2) real and erect (3) nr- 
tual and biverted (4) virtual and erect 

24. If the abject were moved to 0.80 meter <h>m the mirror, the size of the 
hnage would be (1) O.OSO m (2) 0.10 m (3) 0.20 m (4) 0.80 m 

25. Compared to the size of the object at a distance of 0.80 m from the 
mirror, the size of the image is (1) less (2) greater (3) the same 

26. The object is moved to 0.20 meter f^m the mirror. Compared to the 
size of the object, the size of the image is (1) less (2) greater (3) the same 



3|3ire |BDn!J3 aq, o) pnba (c) 3|Sub irapua 
am nwB ss^ ft) »|Sm noppa 9qi raqj J3|B3j8 (i) si 3|3iib uaqi 'j^ 
qiBd SiMi* sritoma «o <B«<I 8no|B uisjjd am Snuajua iqSii aqj ip; n gj, 
auiBs aqi (£) ja3jB| (;) jansms (i) po^a (£) 8sa| (z) ja|8aj3 (i) sf iqSn paj joj luspd sse|3 siqi jo uojtaejj 

aq pinoM a|8ire |K>|)m aq) 'ssbiS iiqu i(q paasidu ajaji aipni aqj ji -gj ■*" Jo xapiq aqi 'jq«H sniq joj uonoBjjaj jo xapin aqj qijM pajEdoioo -ur 



»m'q» 



3W (f ) an (£) Afw te) o/tr (il 



s/m ^l X o-£ (£) s/ra jOI x OT ft) s/ui ^j x sj (i) si insud siq) 
oj iqgfl JO paads aq» naqi 'si si msijd aqi jo noiUBjjaj jo xapin aqi ji j 
noBMJMP (f ) oojsjadsip (£) uoijaBJi 





82. Which waves require a material mi 



ce from the slits to th< 



is caUed (1) dilTractioii (2) uiterference 

Ques- maximum 

.grams ^^-j j j-|-j j r 

>reseiit Zj ! ' I ' ! L 

».The B I I II in 



en upon which pattern B is 



toQues. I 

thedia- s, 



_ J and Sj. A central bright band 
is observed at C and a flrst- 
order bright band is observed ; 
B.ThetwosUtsarel.I x 10 ' 
and distance CB is 1.0 x 10 meter 
92. Light arrives at point B from sBt Sj I 



ice OC is 2.0 meters 



94. What ii the color of thelight comtog 



80. The diagram shows light i 
passing through slit S in bi 
B. This is an example of 



(2) dispersion (3) refraction (4) polarization 

■ erelation 

51' 



(4) diffracUon 
81. The speed at which light passes through 
on the (1) frequency of the Ught only (2] 
(3) frequency of the light and the natun 



duced would become like pattei 
88-91. Base your answers to ques- 
tions 88 through 91 on the fol- 

A source of monochromatic 
light with a wavelength of 6.0 x 
10~' meter is incident upon two 
slits that are 2.0 x 10"' meter 
apart and 2.0 meters from a 
screen. The dark bars on the so 
interference pattern produced < 
88. The color of the nicident light is 



iiiiiiimmii 



in represent the bright areas hi the 



Questions 97 through 101 on the ^| L|,3, 

following htformation. ^ ^jTmaximu 

Two parallel slits 2.0 x IQ-' »- | -ti 

light of wavelength 6.0 x 10"' f ^° "" -] 



97. The distance X is (1) 6.0 x 10"' m (2) 6.0 x 10"' m (3) 3.0 x ID"' m 

98. The difference between the distances from each of the slits to the first 
maximum is (1) A (2) 2A (3) Ay2 (4) 

99. If the wavelength of the light passing through the slits is doubled, the 




I. If the speed of Ught in a »acuuin is c, the speed of light in a i 
with an mdex of refraetion of 2 is (1) c/2 (2) 2e (3) c/4 (4) 4 

!. A ray of light traveling through water strikes the water-air b« 
with an angle of incidence equal to the critical angle. The i 
refraction is (1) 180.° (2) 90° (3) 45° (4) 30.° 

5. The frequency of infrared waves is generally greater than 
(1) visible light rays (2) radio waves (3) ultraviolet waves (4 



is incident to a refractive m< 



7. A beam of light traveling in air is incident upon a glass block. If the 
angle of refraction is 30.°, the angle of incidence is (1) 0° (2) between 
0° and 30.° (3) between 30.° and 90.° (4) 90.° 

8. Which type of electromagnetic wave has the highest frequency? 
(1) radio (2) tofrared (3) x ray (4) visible 



2. To form a diffractioi 
tensities (3) be 



(1) have different frequencies (2) have different in- 
herent (4) be incoherent 

ol Mgnt in a transparent mcdi 

The index of refraction of the medium is 



m destructive interference oo 




ing through an opening 
barrier. Which wave pheii 
non is exhibited? (I) refractioi 




20. Light of a single frequency 
(3) refracted (4) diffracted 

21. Which type of wai 
sion (4) any type 



3. Double-slit 
tablishmg t 
theory (4) electromagnetic theory 



25. As the uidex of refraction of an alcohol and water mixture increases, 
the critical angle for the mixture (1) decreases (2) hicreases (3) re- 

26. When the index of refraction of a medium bicreases, the speed of light 
-Tirongh the medium (1) decreases (2) hicreases (3) remains the same 

L light ray traveling through glass strikes a glass-air surface. As the 
ngle of mcidence increases, the critical angle for the glass (1) de- 

.s the absolute index of refraction of a substance increases, its critical 

ngle (1) decreases (r ' 

s a beam of monoc 
Iher of higher reira 
■eases (2) hicreases 
The speed of light cl 




35. A ray of light is reflected from a plane mfaror. If the angle between 
the mddent and reflected rays is 40°, the angle of biddence is (1) 20° 
(2) 40° (3) 50° (4) 70° 

36. Which wave phenomenon best supports the fact that Ught travels as a 
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Maximum Kinetic Energy vs Frequency 
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An object is thrown horizontally offa cliff with an initial velocity of 5.0 mete: 



7. How far from the base of the cliff will the object strike the ground? [N( 

8. What is the horizontal speed of the object I.O second after it is released? [N( 
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(2) weight and force™"'' 

(3) speed and lime 

(4) displacement and distal 












Mons, respectively, fall 
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FORCE (N) 



19. Which graph below best represents the relationship between Ihc 
stored in a spring (PE) and the change in the length of the spring 
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